population. 4, 11 In this study, we used the NSQIP-P database to investigate the association between preoperative and intraoperative factors on the occurrence of 30-day complication, unplanned readmission, and return to operating room in pediatric patients undergoing postnatal myelomeningocele repair.
methods
The NSQIP-P database is composed of a national sample of cases in patients younger than 18 years old. The 2013 NSQIP-P public use file includes more than 60,000 de-identified cases from more than 50 centers. A listing of participating NSQIP-P children's hospitals is provided by the American College of Surgeons (https://www.facs. org/search/nsqip-participants). Nearly 150 variables are prospectively collected, encompassing preoperative risk factors, intraoperative variables, and 30-day postoperative morbidity and mortality outcomes. At each participating center, trained surgical clinical reviewers identify cases, collect data by review of medical records, and track 30-day outcomes for each patient. This process involves contacting families for 30-day outcomes if no medical record events are noted in that time frame.
Using NSQIP-P data from the year 2013, we queried all cases with a Current Procedural Terminology (CPT) code and description for repair of myelomeningocele: repair of myelomeningocele larger than 5 cm in diameter (CPT 63706) and repair of myelomeningocele smaller than 5 cm in diameter (CPT 63704). To better target the appropriate population of interest, cases were excluded if the surgery was performed 30 days after birth. Patient variables included age at repair, gestational age, sex, race and ethnicity, weight, and American Society of Anesthesiologists (ASA) class. Intraoperative factors included operative time in minutes, use of a second subspecialty surgery team for closure, and simultaneous shunt placement. Thirty-day outcome measures included NSQIP-P-defined postsurgical complications, return to operating room, and unplanned readmissions. When available, reasons for readmission were noted and analyzed in those patients for whom International Classification of Diseases, Ninth Revision diagnosis codes were provided. Return to operating room events were categorized by CPT codes.
Stata software (version 14, StataCorp) was used for statistical analysis. Two-sided Fisher's exact test p values were calculated to analyze contingency tables of comparison groups. For analysis of statistical significance, a p value threshold < 0.05 and 95% confidence intervals were used. Three primary outcome measures were used for univariate logistic regression analysis: 30-day complications, return to operating room events, and unplanned readmissions. Several patients had multiple complications and return to operating room events. Death within 30 days was not used in this analysis due to only 2 events, resulting in the inability to calculate odds ratios with this variable. For logistic regression analysis, confidence intervals were calculated and p values were estimated by Wald approximation. Factors with p < 0.25 in the univariate analysis were used in multivariate logistic regression to attempt to adjust for confounders. Akaike's information criterion and Bayesian information criterion were calculated to compare model fit. The NSQIP-P database is de-identified and constitutes nonhuman subjects research with exempt status from the Baylor College of Medicine Institutional Review Board.
results
One hundred twenty-five patients were identified with the defined CPT codes. Eleven patients were excluded because the surgery was performed more than 30 days after birth. The remaining 114 patients were included in the analysis. The median age at time of surgery was 1 day (SD 1.58 days, range 0-14 days). Fifty-four patients had myelomeningocele repair for a defect smaller than 5 cm, and 60 had repair for a defect larger than 5 cm. About half of the patients were male (52%); most were white (74%) and nonHispanic (79%). The majority of patients had a gestational age of at least 37 weeks (80%) and weighed at least 2500 g (87%). At least 41% of procedures were performed at the same center at which the patients were born.
Shunts were recorded as being placed concurrently in 8% of cases and on a delayed basis within 30 days in 21% of patients at a median of 7 days after the initial operation. A second service was used for closure in 12% of cases; this practice was slightly more common in defects larger than 5 cm (15% vs 9%). The median operative time was about 93 minutes and did not differ significantly based on defect size. Table 1 contains a full list of patient and operative factors.
There were a total of 42 NSQIP-defined complications in 31 patients (27%). Wound complications were the most common and were identified in 24% of cases. The majority of returns to the operating room within 30 days of myelomeningocele repair were for initial hydrocephalus treatment (shunt placement or ventriculocisternostomy). Figure 1 illustrates the indications for return to operating room events.
Unplanned readmission within 30 days occurred in 12 cases (11%) at a median of 20 days after the initial operation. In 7 of these cases, hydrocephalus or wound disruption was given as the reason for readmission. No reason was recorded in 5 cases of readmission. There were no statistically significant differences in the occurrence of 30-day events based on defect size. Table 2 details postoperative events occurring within 30 days of the initial surgery.
Age at repair was significantly associated with both postoperative complications and return to operating room events. For patients who had myelomeningocele repair within the first 24 hours of birth, the odds of having a complication within 30 days were 3.74 times larger than the odds for a patient having repair at ≥ 1 day of age (OR 3.74, 95% CI 1.45-9.63; p = 0.01). Rates of return to operating room were higher in patients who had myelomeningocele repair within 24 hours of birth compared with ≥ 1 day of age (OR 3.09, 95% CI 1.22-7.86; p = 0.02). Figure  2 displays each 30-day NSQIP-P outcome rate by age at repair. Detailed statistics for the univariate logistic regression analysis can be found in Table 3 .
Factors with a p value < 0.25 were selected for possible inclusion in multivariate logistic regression analy-sis. However, the addition of potential effect modifiers did not improve the fit of the models for all three 30-day outcomes. The best fitting models, according to Akaike's information criterion and Bayesian information criterion, contained only one predictor variable for each outcome. Age at repair was the single strongest predictor for both postoperative complications and return to operating room events. Weight less than 2500 g was a predictor for unplanned readmissions within 30 days. The final logistic regression models are listed in Table 4 .
discussion
This study used data from the NSQIP-P to examine perioperative outcomes from postnatal myelomeningocele repair. Recent studies involving myelomeningocele repair have relied on single-center experiences and national databases based on nonlongitudinal hospital discharge data. 2, 6, 7, 20 As myelomeningocele repair has become less common, 9 most individual centers have limited exposure to interpret perioperative outcomes. The NSQIP-P database allows for examination of 30-day surgical outcomes collected prospectively and on a larger scale from multiple centers. 11, 21 In this study, wound complications, including both dehiscence and infection, were the most common complications reported in the 30-day postoperative period. These results echo other published experiences. 8 Roughly half of these wound problems were superficial dehiscence. Seven percent of all cases had return to operating room events within 30 days for revision of disrupted wounds with or without accompanying CSF leak. Use of a second surgical team to assist with closure was seen in 12% of cases and was more common in cases with larger defects (15% vs 9%). This percentage is less than the 25% of defects reported in published series that could not be closed primarily with skin undermining, requiring plastic surgery involvement for coverage. 15 Neither second-team wound closure nor size of myelomeningocele defect had any significant impact on perioperative complications or events.
Unplanned readmission within 30 days occurred in 12 cases (11%) at a median of 20 days after the initial surgery. In 7 of the 12 cases, hydrocephalus or wound disruption was recorded as the reason for readmission. No reason was recorded in 5 of 12 cases of readmission, which is a shortcoming in the NSQIP-P database that represents an opportunity for enhancement in the future. The program would have higher completion of data fields if there were "hard stops" with required entry. There were no documented complications or readmissions for symptomatic Chiari II Weight was a significant predictor for unplanned readmissions within 30 days. Infants weighing less than 2500 g were at increased risk for readmission (OR 4.14, 95% CI 1.07-16.01; p = 0.04). Prematurity and ASA class were not significantly associated with perioperative events in this study cohort, although the sample size of 114 patients may be underpowered to detect specific influences of prematurity and low birth weight given the possible spectrum of presentation. Multidisciplinary involvement, care coordination, and discharge planning for this at-risk neonatal population warrant careful attention.
Most myelomeningocele closure surgeries in this cohort were performed within the first few days of life, consistent with the recommended practice that timing of surgery take place within 72 hours of life. 10 Myelomeningocele repairs performed in infants within 24 hours of birth compared with those performed more than 24 hours after birth were associated with significantly increased odds for postoperative complications in this study (OR 3.74, 95% CI 1.45-9.63; p = 0.01). In a study using the 2000 to 2010 Kids' Inpatient Database and Nationwide Inpatient Sample, Attenello et al. concluded that timing of myelomeningocele repair done at 2 or more days after birth was associated with increased infection rates. 2 Taken together with the lit- erature review, our results may suggest that optimal timing for surgery might be after the 1st day of life. In practice, this may allow time for manifestation and workup of other congenital defects and perinatal issues, as well as medical optimization of the neonate. However, this data set does not allow for case-by-case examination of individual patient-level details, and care of the neonate encompasses many factors. Larger clinical-oriented series are warranted to examine the details of this question further.
The rates of concurrent and delayed shunt placement were low in this series. Shunts were recorded as being placed concurrently in 8% of cases and in delayed fashion within 30 days in 21% of cases. An additional 2 patients underwent delayed ventriculocisternostomy (with or without choroid plexus cauterization). In total, 31% of patients in this myelomeningocele closure cohort had CSF diversion surgery by 30-day follow-up. This is similar to a study using hospital discharge data from 2000 by Sin et al., 17 which reported 35% of patients having shunt placement during the same hospitalization as their myelomeningocele repair. In a single-institution study of 54 cases of myelomeningocele from 1997 to 2006, Chakraborty et al. 3 reported a shunt rate of 51.9% at 12-month follow-up, with an average interval between myelomeningocele closure and shunt placement of 8 days. However, traditionally reported rates of shunting in this population have been around 70% to 90%. 9, 10 The relatively low CSF diversion rates seen in this study might be due to the fact that CSF diversion procedures beyond the 30-day time frame are not captured here; thus, the eventual total rate of CSF diversion may not be reflected. There may also be a component of the evolution in surgical practice toward permissive ventriculomegaly. In further comparison with reported literature, the MOMS (Management of Myelomeningocele Study) trial reported actual rates of CSF shunt placement to be 40% in the prenatal myelomeningocele closure group and 84% in the postnatal closure group based on 158 mothers whose children were evaluated at 12 months. 1 A follow-up study reported 1-year outcomes for the complete trial of 183 pregnancies, 18 where rates of actual CSF shunting were 44% and 84%, respectively, at 1 year. A full discussion of clinical criteria for shunting is complex and is addressed in ongoing literature. 18 It is difficult to frame the results of this NSQIP study in comparison with published trials, as NSQIP reports on 30-day follow-up. A 31% CSF diversion rate for this NSQIP myelomeningocele cohort in the first 30 days yields the potential for a much larger percentage of this cohort to have undergone CSF shunting by 12-month follow-up, although this information is unknown.
Complication rates are consistent with previously published data. The 2-week length of stay and death rate of 2% seen in this analysis compares similarly to work by Kshettry et al. 7 In this study, indications for return to operating room within 30 days of myelomeningocele repair are represented largely by hydrocephalus. Two-thirds of return to operating room cases are for initial treatment of hydrocephalus, while an additional 12% are for shunt revision or removal. Another 10% each are recorded for wound revision or repair of CSF leak. These numbers are consistent with pediatric neurosurgery literature. It is important to note that the label of "reoperations" representing return to the operating room in NSQIP-P should be interpreted in specialty-specific fashion.
limitations
While the prospective national surgery quality improvement database gives a multicenter, nationwide report of 30-day outcomes, the collection of NSQIP-P participants is not nationally representative. Limitations also include lack of detail on clinical features specific to myelomeningocele repair compared with prospective or retrospective series focused on spina bifida treatment. There is no information on anatomical or neurological level of the lesion, which is a major predictor of function and long-term outcomes. Specialty-specific complications would also include changes in neurological status following surgery; this information is not collected. Surgical complexity of cases is not reflected. Operative technique is not known. Many intraoperative factors of concern to pediatric neurosurgeons are not recorded. For instance, size of the myelomeningocele defect alone may not be assumed to be a proxy for difficulty of closure; the level of the defect and the amount of tissue available for closure are not recorded. Technique and quality of dural closure are not known; use of a dural patch or tissue glue is not recorded. Intraoperative management of the placode is not noted. Case selection is dependent on CPT codes. In the case of myelomeningocele repair, CPT coding had high fidelity at our institution. We conducted an internal quality check with medical chart validation of NSQIP-P selected cases, which showed high fidelity of medical records with the NSQIP-P report of our institution's patients. Patient variables and postoperative complications are subject to bias during medical record review, although NSQIP-P provides detailed guides and data dictionaries to surgical clinical reviewers, as well as mechanisms for clarification and agreement with surgeon champions and NSQIP-P supervisors. Interreviewer reliability across NSQIP audits is high, with disagreement rates quoted around 2%. Outcomes beyond 30 days are not reported in this database. Functional status and quality of life are not known. Development of Chiari II malformation symptoms, urological sequelae, orthopedic sequelae, downstream risk of shunt infection, and secondary tethering of the spinal cord cannot be addressed in this database limited to the 30-day postoperative period.
NSQIP-P does capture a number of clinical factors relevant to perioperative management and surgical outcomes in the pediatric population. This information is typically lacking or incompletely captured in administrative databases. 21 Although the intent of NSQIP-P is to track postoperative complication rates, determinants of unplanned readmission, and factors leading to returns to the operating room, these outcomes must be interpreted within the context of the disease of interest. For instance, in this study return to operating room within 30 days for shunt placement is not necessarily an unexpected event, nor is it indicative of quality per se. Potentially preventable events, such as readmissions, may benefit from further examination specific to each institution's processes to identify opportunities for targeted enhancement. Families may also have more counseling regarding postoperative expectations. 4, 5, 12, 16 In terms of future directions, the design of the NSQIP-P to capture only the perioperative 30-day time period is a major limitation. In our assessment, these data must be interpreted critically. The use of NSQIP-P for pediatric neurosurgery specialty-specific and disease-specific inquiry is previously largely unexplored, and we present notable shortcomings in this study. As such, NSQIP-P does not replace other research efforts. Clearly, these data cannot even begin to capture the chronic complexity of myelomeningocele care. While the overall goal of the American College of Surgeons NSQIP is to use data for benchmarking and quality improvement, our study highlights shortcomings of collecting surgery variables for pediatric neurosurgery diseases. Individual institutions and surgeons can refer to the collective national experience and subsequently approach information on 30-day perioperative outcomes with their own critical judgment. As NSQIP-P is an ongoing resource-intensive initiative across multiple pediatric hospitals in North America, it is important for pediatric neurosurgery to help interpret existing data in a proper clinical context and to highlight the rationale for advocating for disease-specific and specialty-specific data collection.
conclusions
The NSQIP-P allows examination of 30-day perioperative outcomes from a national prospectively collected database. In this cohort, more than 25% of patients undergoing postnatal myelomeningocele repair experienced a complication within 30 days. Patients who had surgical repair within the first 24 hours of birth had a significantly higher perioperative complication rate than those who had surgery after 24 hours. We highlight limitations of investigating myelomeningocele repair using NSQIP-P and advocate the importance of disease-specific data collection.
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